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(54) PRESSURE CONTAINER FOR LIQUID CARGO STORAGE

(57) A pressure vessel for storing liquids in bulk
which forms a space for storing liquids by combining first
reinforcing plates each having a creased cross-sectional
structure formed by groove parts and ridge parts with at
least one second reinforcing plate having a flat plate
cross-sectional structure, in which part of the pressure
vessel is formed by the reinforcing plates having the
creased cross-sectional structure, thus allowing liquids
to efficiently flow in the pressure vessel. The pressure
vessel includes: a plurality of first reinforcing plates hav-
ing a creased cross-sectional structure formed by a
groove part and by a ridge part, the first reinforcing plates
being combined with each other and forming part of the
pressure vessel; and at least one second reinforcing
plate combined with the first reinforcing plates and form-
ing a remaining part of the pressure vessel, the one sec-
ond reinforcing plate having a flat plate cross-sectional
structure.
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Description

Technical Field

[0001] The present invention relates, in general, to a pressure vessel for storing liquids in bulk, and more particularly,
to a pressure vessel for storing liquids in bulk which forms a space for storing liquids by combining a plurality of first
reinforcing plates each having a creased cross-sectional structure formed by groove parts and ridge parts with at least
one second reinforcing plate having a flat plate cross-sectional structure.

Background Art

[0002] Generally, to transport liquids in bulk, such as liquefied natural gas, from a producing base to a terminal of an
accepting base, an LNG carrier is used. The LNG carrier is typically provided with pressure vessels for storing liquids
therein.
[0003] FIG. 1 is a front view illustrating the construction of a related art pressure vessel for storing liquefied natural
gas (LNG). FIG. 2 is a perspective view illustrating the construction of a reinforcing plate that constitutes the related art
pressure vessel.
[0004] To form the pressure vessel V, a plurality of reinforcing plates 10 are combined with each other such that a
sealed space S for storing liquids is formed in the pressure vessel V.
[0005] Here, each of the reinforcing plates 10 comprises an external plate 11 having a flat plate structure, and a
plurality of reinforcing elements 12 that are mounted to the inner surface of the external plate 11, wherein the function
of the reinforcing elements 12 is intended to prevent the external plate 11 from being structurally deformed by a tem-
perature difference generated in the vessel when loading and unloading liquids or by an external force. The reinforcing
elements 12 also provide the desired structural strength of the pressure vessel.
[0006] The reinforcing elements 12 comprise a plurality of first reinforcing elements 12a that extend along the axial
directions of the external plate, and second reinforcing elements 12b that extend such that they cross the first reinforcing
elements 12a at right angles.
[0007] FIG. 3 is a view illustrating an example of bending moment that is induced in the external plate by an internal
pressure of the pressure vessel. FIG. 4 is a view illustrating a reduction in the effective width of the external plate, wherein
the effective width may be reduced by the cross-section and shear lag effects of the reinforcing elements which may be
induced by the internal pressure of the pressure vessel.
[0008] In the pressure vessel formed using the above-mentioned reinforcing plates, the external plate 11 is configured
to have a simple flat plate structure, so the bending moment of FIG. 3 is induced in the external plate 11. Accordingly,
it is required to arrange the first reinforcing elements 12a at intervals less than 1m.
[0009] In the related art pressure vessel, it is required to arrange the first reinforcing elements 12a at intervals less
than 1m, so the pressure vessel is problematic in that the numbers of the first and second reinforcing elements 12a and
12b of the pressure vessel are increased, thereby increasing the production cost and weight of the pressure vessel and
reducing the storage capacity of the pressure vessel.
[0010] Further, as shown in FIG. 4, the stress distribution on the flat plate type external plate 11 is uneven, and the
height H of the first reinforcing elements 12a is low, so the modulus of section of the first reinforcing elements 12a is
low. Further, shear lag effects are generated in the external plate, so the structural strength and rigidity of the reinforcing
plates are reduced deteriorating the functional efficiency of the reinforcing plates used as structural elements.
[0011] In an effort to solve the problems, the present applicant developed a reinforcing plate for pressure vessels
which has an improved structure. The reinforcing plate developed by this applicant is disclosed in Korean Patent Appli-
cation No. 2011-0106218.
[0012] FIG. 5 is a perspective view illustrating the construction of a reinforcing plate having a creased cross-sectional
structure.
[0013] In the reinforcing plate for pressure vessels according to the above-mentioned invention, an external plate 21
that has a creased structure is provided, in which a plurality of ridge parts 21a are formed in the creased external plate,
with first reinforcing elements 22a mounted to the respective ridge parts 21a of the external plate 21.
[0014] The above-mentioned reinforcing plate for pressure vessels is advantageous in that a bending stress that may
be induced in the external plate due to the cross-sectional shape of the creased external plate 21 can be changed to a
hoop stress, and the bending stress can be reduced in comparison with the related art reinforcing plate having the flat
plate type external plate 11. Further, the height of each of the first reinforcing elements is increased by the height of the
ridge part of the external plate, so the structural strength and rigidity of the reinforcing plate can be increased and the
functional efficiency of the reinforcing plate used as a structural element can be improved.
[0015] However, the pressure vessel that is formed using the reinforcing plates each having the creased external plate
is problematic in that liquids stagnate in the groove parts 22a of a reinforcing plate that forms the bottom of the pressure
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vessel, so the liquids cannot easily flow. Especially, when unloading the liquids from the pressure vessel, the liquids
that stagnate in the groove parts of the reinforcing plate may not be unloaded causing problems.

Documents of Related Art

[0016] (Patent Document 1) Korean Patent Application Publication No. 10-2011-0106218 (2011.09.28)

Disclosure

Technical Problem

[0017] Accordingly, the present invention has been made keeping in mind the above problems occurring in the prior
art, and an object of the present invention is to provide a pressure vessel for storing liquids in bulk, which is formed by
combining reinforcing plates that have a creased cross-sectional structure having groove parts and ridge parts, and in
which part of the surfaces of the pressure vessel is formed using reinforcing plates having a flat plate cross-section, so
liquids can easily flow in the pressure vessel and the pressure vessel can be easily produced.
[0018] Another object of the present invention is to provide a pressure vessel for storing liquids in bulk, the bottom of
which is formed using a reinforcing plate having a flat plate cross-section, so, when unloading liquids from the pressure
vessel, the liquids can be easily discharged from the pressure vessel without stagnating in specific parts of the pressure
vessel.
[0019] A further object of the present invention is to provide a pressure vessel for storing liquids in bulk, in which, when
the pressure vessel is used in a ship having a double-bottomed hull structure, the pressure vessel is configured such
that the lower end of a sidewall thereof is shaped as an inclined structure corresponding to the double-bottomed hull
structure, thereby realizing a maximum volume capacity of the pressure vessel, and the inclined part is formed at a
corner, at which a bottom reinforcing plate having a flat structure meets two side reinforcing plates having a creased
structure, in such a way that the inclined part is inclined upward to the two side reinforcing plate, thereby allowing the
three reinforcing plates to be naturally and efficiently combined with each other.

Technical Solution

[0020] In order to accomplish the above objects and to overcome the problems experienced in the related art, the
present invention provides a pressure vessel for storing liquids in bulk, comprising: a plurality of first reinforcing plates
100 having a creased cross-sectional structure formed both by a groove part 101 and by a ridge part 102, the first
reinforcing plates being combined with each other and forming part of the pressure vessel for storing liquids; and at least
one second reinforcing plate 200 combined with the first reinforcing plates 100 and forming a remaining part of the
pressure vessel, the one second reinforcing plate having a flat plate cross-sectional structure.
[0021] Here, the second reinforcing plate 200 may comprise one second reinforcing plate, wherein the one second
reinforcing plate 200 may be installed so as to form a bottom wall V4 of the pressure vessel.
[0022] Here, each of the first reinforcing plate 100 may comprise: an external plate 110, in which the groove part 101
and the ridge part 102 are repeatedly arranged, thereby forming the creased cross-sectional structure; a plurality of first
inner reinforcing elements 120 installed on the ridge part 102 such that the first inner reinforcing elements 120 have a
structure extending along the ridge part 102 on an inner surface of the external plate 110 and protrude inward in an
interior of the pressure vessel; a plurality of second inner reinforcing elements 130 installed on the inner surface of the
external plate 110 such that the second inner reinforcing elements 130 cross the plurality of first inner reinforcing elements
120; and a plurality of first outer reinforcing elements 140 installed outside the external plate 110 such that the first outer
reinforcing elements form a structure extending along the second inner reinforcing elements 130.
[0023] The pressure vessel may further comprise: a second outer reinforcing element 150 installed outside a first
reinforcing plate 100a constituting left/right side walls V1 of the pressure vessel such that the second outer reinforcing
element 150 forms a structure continued to a first outer reinforcing element 140c installed on a first reinforcing plate
100c constituting a ceiling wall V3 of the pressure vessel.
[0024] The pressure vessel may further comprise: a face part 131 installed on an end of each of the second inner
reinforcing elements 130 so as to increase the strength of the end of the second inner reinforcing element, the face part
being formed by two rows of face parts.
[0025] Further, the second reinforcing plate 200 may comprise: an external plate 210 having a flat plate cross-sectional
structure; a plurality of first bottom reinforcing elements 220 installed on an inner surface of the external plate 210 such
that the first bottom reinforcing elements form a structure continued to first inner reinforcing elements 120a installed on
a first reinforcing plate 100a constituting left/right side walls V1 of the pressure vessel, the first bottom reinforcing elements
having a plurality of flow holes 221 for allowing liquids to flow through the first bottom reinforcing elements; a plurality
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of second bottom reinforcing elements 230 installed on the inner surface of the external plate 210 such that the second
bottom reinforcing elements cross the first bottom reinforcing elements 220 so as to form a latticed reinforcing structure
and form a structure continued to first inner reinforcing elements 120b that are installed on a first reinforcing plate 100b
constituting front/rear walls V2 of the pressure vessel; a plurality of third bottom reinforcing elements 240 installed on
the inner surface of the external plate 210 such that the third bottom reinforcing elements form a structure parallel to the
second bottom reinforcing elements 230, and are connected to the groove part 101 of the first reinforcing plate 100b
constituting the front/rear walls V2 of the pressure vessel; and a connection reinforcing element 250 installed on the
groove part 101 of the first reinforcing plate 100b constituting the front/rear walls V2 such that the connection reinforcing
element connects ends of the third bottom reinforcing elements 240 to each other, and connects two neighboring first
inner reinforcing elements 120b to each other.
[0026] Here, the connection reinforcing element 250 may comprise a plate that extends along a curvature of the groove
part 101 while maintaining a constant width.
[0027] Further, the external plate 210 of the second reinforcing plate may comprise an inclined plate that can collect
liquids by allowing the liquids to flow down to a desired place when unloading liquids.
[0028] Further, in the pressure vessel, a lower end 100-1 of a first reinforcing plate 100a constituting left/right side
walls V1 of the pressure vessel may be inclined inward to an interior of the pressure vessel, and a three-face connecting
element 300 may be installed at a corner of the pressure vessel, at which two first reinforcing plates 100a and 100b and
the second reinforcing plate 200 meet each other, wherein the three-face connecting element 300 may extend from the
second reinforcing plate 200 to the two first reinforcing plates 100a and 100b while being inclined upward, so the two
first reinforcing plates 100a and 100b and the second reinforcing plate 200 can be connected to each other by the three-
face connecting element.
[0029] Further, the groove parts 101’ provided on front and rear ends of a first reinforcing plate 100a constituting
left/right side walls V1 of the pressure vessel are configured to form a radius of curvature different from that of other
groove parts 101.

Advantageous Effects

[0030] According to the present invention having the above-mentioned characteristics, when manufacturing the pres-
sure vessel for storing liquids in bulk using reinforcing plates having a creased cross-sectional structure, part of the
pressure vessel is formed using a reinforcing plate having a flat plate cross-sectional structure, thereby forming a
structural environment capable of allowing stored liquids to efficiently flow in the pressure vessel. Particularly, when
forming the bottom of the pressure vessel using the reinforcing plate having the flat plate cross-sectional structure, the
present invention can prevent liquids from stagnating in specific parts of the pressure vessel when unloading the liquids
from the pressure vessel, so the present invention is advantageous in that liquid unloading can be more efficiently
performed.
[0031] Another advantage of the present invention resides in that this invention can improve the manufacturing and
maintenance efficiency of the pressure vessel.
[0032] Still another advantage of the present invention resides in that, when using the pressure vessel in a ship having
a double-bottomed structure, the lower ends of part of the reinforcing plates are configured to be inclined, and a three-
face connecting element is provided at a corner at which two reinforcing plates, each having a creased cross-sectional
structure, meet one reinforcing plate having a flat plate cross-sectional structure, so the present invention can realize a
natural and efficient combination of the three reinforcing plates, can protect the pressure vessel from stress concentration,
and can provide a structurally stable pressure vessel.
[0033] A further advantage of the present invention resides in that the reinforcing plates having the creased cross-
sectional structure and the reinforcing plate having the flat plate cross-sectional structure are combined with each other
using first, second and third bottom reinforcing elements in such a way that the reinforcing plates can maintain structural
continuity and the connection reinforcing elements can efficiently distribute stress, so the present invention can realize
improved structural stability of the pressure vessel.

Description of Drawings

[0034]

FIG. 1 is a front view illustrating the construction of a related art pressure vessel for storing liquefied natural gas therein;
FIG. 2 is a perspective view illustrating the construction of a reinforcing plate constituting the related art pressure
vessel;
FIG. 3 is a view illustrating a bending moment acting on an external plate by the internal pressure of the pressure
vessel;
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FIG. 4 is a view illustrating a reduction in the effective width of an external plate by the cross-section of the reinforcing
elements and shear lag effects, which is caused by the internal pressure of the pressure vessel;
FIG. 5 is a perspective view illustrating the construction of a reinforcing plate having a creased cross-sectional
structure;
FIG. 6 is a perspective illustrating the interior construction of a pressure vessel according to a preferred embodiment
of the present invention;
FIG. 7 is a perspective illustrating the exterior construction of the pressure vessel according to the preferred em-
bodiment of the present invention;
FIG. 8 is a perspective illustrating the exterior construction of the pressure vessel according to the preferred em-
bodiment of the present invention, which is viewed from another angle;
FIG. 9 is a perspective view illustrating the construction of a pressure vessel fabricated using only external plates;
FIG. 10 is a front view illustrating the construction of an external plate of a second reinforcing plate having an inclined
structure;
FIG. 11 is a detailed view illustrating the installation structure of a connection reinforcing element according to the
present invention;
FIG. 12 is a perspective view illustrating the construction of a corner at which two first reinforcing plates and one
second reinforcing plate meet each other;
FIG. 13 is a perspective view illustrating the installation structure of a three-face connecting element according to
the present invention; and
FIG. 14 is a plan view illustrating the connected structure of two neighboring first reinforcing elements.

Mode for Invention

[0035] Hereinbelow, preferred embodiments of the present invention will be described in detail with reference to the
accompanying drawings. In the following description, it is to be noted that, when the functions of conventional elements
and the detailed description of elements related with the present invention may make the gist of the present invention
unclear, a detailed description of those elements will be omitted.
[0036] FIG. 6 is a perspective illustrating the interior construction of a pressure vessel according to a preferred em-
bodiment of the present invention. FIG. 7 is a perspective illustrating the exterior construction of the pressure vessel
according to the preferred embodiment of the present invention. FIG. 8 is a perspective illustrating the exterior construction
of the pressure vessel according to the preferred embodiment of the present invention, which is viewed from another
angle. FIG. 9 is a perspective view illustrating the construction of a pressure vessel fabricated using only external plates.
FIG. 10 is a front view illustrating the construction of an external plate of a second reinforcing plate having an inclined
structure. FIG. 11 is a detailed view illustrating the installation structure of a connection reinforcing element according
to the present invention. FIG. 12 is a perspective view illustrating the construction of a corner at which two first reinforcing
plates and one second reinforcing plate meet each other. FIG. 13 is a perspective view illustrating the installation structure
of a three-face connecting element according to the present invention. FIG. 14 is a plan view illustrating the connected
structure of two neighboring first reinforcing elements.
[0037] The pressure vessel for storing liquids in bulk according to the present invention includes a plurality of first
reinforcing plates 100 having a creased cross-sectional structure, and at least one second reinforcing plate 200 having
a flat plate cross-sectional structure. The present invention can improve the manufacturing and maintenance efficiency
of the pressure vessel. The present invention also provides a structural environment that can allow stored liquids to
efficiently flow in the pressure vessel without stagnating in specific parts of the pressure vessel, so, when unloading
liquids from the pressure vessel, the liquids can be easily discharged from the pressure vessel.
[0038] Further, in FIG. 6, a quarter of the pressure vessel is shown so as one to illustrate the interior construction of
the pressure vessel in detail, so only a left side wall, a front wall and a the ceiling wall of the pressure vessel are shown
in the drawing. Here, the right side wall and the rear wall are symmetric to the left side wall and the front wall, respectively,
so the right side wall and the rear wall are not shown in the drawing. In this drawing, the left/right side walls are designated
by reference character V1, the front/rear walls are designated by V2, the ceiling wall is designated by V3, and a bottom
wall is designated by V4.
[0039] Each of the first reinforcing plates 100 is configured such that a groove part 101 and a ridge part 102 are
repeatedly arranged and form a creased cross-sectional structure. The left/right side walls V1, the front/rear walls V2
and the ceiling wall V3 are formed using the first reinforcing plates 100.
[0040] Further, the first reinforcing plate 100 comprises an external plate 110, a first inner reinforcing element 120, a
second inner reinforcing element 130, and a first outer reinforcing element 140.
[0041] The external plate 110 is configured such that the groove part 101 and the ridge part 102 are repeatedly
arranged and form the creased cross-sectional structure. Here, the cross-sectional shape of the groove part 101 may
be configured as a concave tile shape, an arc shape, a semicircular shape, a semi-elliptical shape, a trapezoidal shape
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or a polygonal shape.
[0042] The first inner reinforcing element 120 is installed along the ridge part 102 of the external plate 110, thereby
having an extension structure extending along the ridge part 102. Here, the first inner reinforcing element 120 may be
installed on each of the plurality of ridge parts 102 of the external plate 110, so the first inner reinforcing element 120
comprises a plurality of elements. The first inner reinforcing element 120 has a structure protruding inward in the pressure
vessel.
[0043] The first inner reinforcing element 120 may be formed as an angle steel having a T-shaped or an L-shaped
cross-section.
[0044] The second inner reinforcing element 130 is installed on the inner surface of the external plate 110 such that
the second inner reinforcing element 130 crosses the plurality of first inner reinforcing elements 120. Here, the second
inner reinforcing element 130 comprises a plurality of second inner reinforcing elements 130 that are arranged such that
they are spaced apart from each other at regular intervals. A face part 131 that is formed by two rows of face parts is
installed on the inner end of each of the second inner reinforcing elements 130 so as to increase the strength of the
inner end.
[0045] The first outer reinforcing element 140 is arranged such that it extends along the second inner reinforcing
element 130 at a location outside the external plate 110. The first outer reinforcing element 140 comprises a plurality of
first outer reinforcing elements 140 in the same manner as that described for the second inner reinforcing element 130.
[0046] In the pressure vessel of this invention, the plurality of groove parts 101 and the plurality of ridge parts 102,
which are provided on the first reinforcing plate 100, are connected to each other both by the second inner reinforcing
elements 130 and by the first outer reinforcing elements 140. Thus, the first reinforcing plate 100 can avoid deformation
caused by a temperature difference generated in the pressure vessel according to unloading of liquids or by an external
force applied thereto.
[0047] In other words, in a reinforcing plate having the creased cross-sectional structure, the groove parts and the
ridge parts function as reinforcing elements, so the reinforcing plate can efficiently avoid axial deformation. However,
the reinforcing plate cannot efficiently resist width-directional deformation, so the groove parts and the ridge parts may
expand or contract due to a temperature difference generated in the pressure vessel according to unloading of liquids
or by an external force applied thereto. To overcome the problems, in the present invention, the plurality of groove parts
101 and the plurality of ridge parts 102 are connected to each other using both the second inner reinforcing elements
130 and the first outer reinforcing elements 140 as described above, so the first reinforcing plate 100 can avoid deformation
caused by expansion and contraction thereof and can provide a pressure vessel having structural stability.
[0048] When the cross-sectional shape of the external plate 110 of the first reinforcing plate 100 having the above-
mentioned construction is configured as a concave tile shape, an arc shape, a semicircular shape or a semi-elliptical
shape, the bending stress that acts in the external plate 110 due to the pressure of liquids stored in the pressure vessel
is changed into hoop stress. However, when the cross-sectional shape of the external plate 110 is configured as a
trapezoidal shape or a polygonal shape, the bending stress that acts in the external plate 110 due to the pressure of
liquids stored in the pressure vessel can be reduced. Further, the height of the first inner reinforcing element 120 is
increased by the height of the ridge part 102, so the present invention is advantageous in that it increases the structural
strength and rigidity of the reinforcing plate and reduces the shear lag effects that may be generated in the external plate
110. The construction and operational effects of the first reinforcing plate 100 are disclosed in Korean Patent Application
Publication No. 2011-0106218, so a further detailed description of the construction and operational effects of the first
reinforcing plate 100 will be omitted from this description.
[0049] The second reinforcing plate 200, which is an element having a flat plate cross-sectional structure, is used to
form the pressure vessel in cooperation with the first reinforcing plate 100. It is preferred that the second reinforcing
plate 200 be used to form the bottom wall V4 of the pressure vessel. When the bottom wall V4 of the pressure vessel
is formed using the second reinforcing plate 200 having the flat plate cross-sectional structure, as described above, it
is possible to prevent liquids from stagnating in specific parts of the pressure vessel when unloading the liquids from
the pressure vessel, thereby providing an advantage in that liquids unloading can be efficiently performed.
[0050] The second reinforcing plate 200 having the above-mentioned function comprises an external plate 210, a first
bottom reinforcing element 220, a second bottom reinforcing element 230, a third bottom reinforcing element 240, and
a connection reinforcing element 250.
[0051] The external plate 210 is configured as a flat plate cross-sectional structure. The external plate 210 may be
configured as an inclined plate that can efficiently collect liquids by allowing the liquids to flow down to a desired place
when unloading liquids. Preferably, the external plate 210 is configured as a V-shaped inclined structure, in which the
left and right parts of the external plate 210 are inclined downward to the center of the external plate 210 to form a V-
shaped cross-section, so liquids that remain in the left and right parts of the pressure vessel efficiently flow down to the
center so as to be collected in the center (see FIG. 10).
[0052] The first bottom reinforcing element 220 is installed on the inner surface of the external plate 210 such that the
element 220 extends to the left and right parts of the external plate 110. Here, the first bottom reinforcing element 220
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is installed so as to form a structure continued to part of the first inner reinforcing element 120a that is installed on the
first reinforcing plate 100a constituting the left/right side walls V1 of the pressure vessel. A plurality of flow holes 221
are formed through the first bottom reinforcing element 220, so liquids can flow through the flow holes 221.
[0053] Here, the first bottom reinforcing element 220 comprises a plurality of first bottom reinforcing elements 220
such that they are connected to the respective first inner reinforcing elements 120a that are provided on the first reinforcing
plate 100a constituting the left/right side walls V1.
[0054] The second bottom reinforcing element 230 is installed on the inner surface of the external plate 210 such that
the second bottom reinforcing element 230 extends to the front and back and crosses the first bottom reinforcing element
220 so as to form a latticed reinforcing structure. Here, the second bottom reinforcing element 230 is installed to form
a structure continued to the first inner reinforcing element 120b that is installed on the first reinforcing plate 100b con-
stituting the front/rear walls V2 of the pressure vessel.
[0055] The second bottom reinforcing element 230 comprises a plurality of second bottom reinforcing elements 230
such that they are connected to the plurality of first inner reinforcing elements 120b that are provided on the first reinforcing
plate 100b constituting the front/rear walls V2.
[0056] The third bottom reinforcing element 240 is installed on the inner surface of the external plate 210 such that
the third bottom reinforcing element 240 forms a structure parallel to the second bottom reinforcing element 230. The
end of the third bottom reinforcing element 240 is connected to the groove part 101 of the first reinforcing plate 100b
that constitutes the front/rear walls V2 of the pressure vessel.
[0057] The third bottom reinforcing element 240 comprises a plurality of third bottom reinforcing elements 240 such
that at least one third bottom reinforcing element 240 can be placed between two neighboring second bottom reinforcing
elements 230. In FIG. 6, a structure in which two third bottom reinforcing elements 240 are installed between two
neighboring second bottom reinforcing elements 230 is illustrated.
[0058] The connection reinforcing element 250 is installed on the groove part 101 of the first reinforcing plate 100b
that forms the front/rear walls V2. The connection reinforcing element 250 connects the ends of the third bottom reinforcing
elements 240 to each other, and connects two neighboring first inner reinforcing elements 120 to each other.
[0059] The connection reinforcing element 250 functions to distribute stress that concentrates on the junction between
the third bottom reinforcing element 240 and the first reinforcing plate 100b. Preferably, the connection reinforcing
element 250 comprises a plate that extends along the curvature of the groove part 101 while maintaining a constant
width (see FIG. 11).
[0060] Further, on an outer surface of the first reinforcing plate 100a that constitutes the left/right side walls V1 of the
pressure vessel, a second outer reinforcing element 150 may be installed. Here, the second outer reinforcing element
150 has a structure that is continued to the first outer reinforcing element 140c that is installed on the first reinforcing
plate 100c constituting the ceiling wall V3 of the pressure vessel.
[0061] Further, in the present invention, to realize a desired volume capacity of the pressure vessel, it is preferred that
the lower end 100-1 of the first reinforcing plate 100a constituting the left/right side walls V1 of the pressure vessel be
configured to form an inclined structure that is inclined inward to the interior of the pressure vessel such that the lower
end 100-1 corresponds to the double-bottomed structure of a ship.
[0062] However, when the lower end 100-1 of the first reinforcing plate 100a that constitutes the left/right side walls
V1 of the pressure vessel is configured to form an inclined structure as described above, an inferior quality structure
may be formed at a corner of the pressure vessel, at which the first reinforcing plate 100a constituting the left/right side
walls V1, the first reinforcing plate 100b constituting the front/rear walls V2, and the second reinforcing plate 200 con-
stituting the bottom wall V4 meet each other, as shown in FIG. 12, so the corner may be difficult to repair or maintain
and a stress may concentrate on the corner to cause a structural defect (see FIG. 12).
[0063] To overcome the above-mentioned problems, in the pressure vessel of the present invention, a three-face
connecting element 300 is installed at the corner of the pressure vessel, at which two first reinforcing plates 100a and
100b and one second reinforcing plate 200 meet each other, so the two first reinforcing plates 100a and 100b and the
second reinforcing plate 200 can be connected to each other at the corner so as to form a natural and efficient structure.
[0064] Here, the three-face connecting element 300 is installed in such a way that it is inclined upward from the second
reinforcing plate 200 both to the first reinforcing plate 100a constituting the left/right side walls V1 and to the first reinforcing
plate 100b constituting the front/rear walls V2. In the present invention, respective groove parts 101 of two neighboring
first reinforcing plates 100a and 100b can be naturally, efficiently connected to each other using the three-face connecting
element 300 (see FIG. 13).
[0065] Further, respective groove parts 101’ which are provided on the front and rear ends of the first reinforcing plate
100a constituting the left/right side walls V1 of the pressure vessel may be configured to form a radius of curvature
different from that of the other groove parts 101 (see FIG. 14).
[0066] Hereinbelow, the operational effects of the above-mentioned pressure vessel for storing liquids in bulk will be
described.
[0067] In the pressure vessel for storing liquids in bulk according to the present invention, the left/right side walls V1,
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the front/rear walls V2 and the ceiling wall V3 are formed using the first reinforcing plates 100 having the creased cross-
sectional structure. Accordingly, the bending stress that acts in the external plate 110 of the first reinforcing plate 100
can be changed to a hoop stress or can be efficiently reduced by the cross-sectional shape of the external plate 110,
thereby improving the structural stability of the pressure vessel. Further, in the present invention, the height of the first
inner reinforcing element 120 is increased by the height of the ridge part 102, and the stress is evenly distributed on the
external plate having the creased cross-sectional structure without generating shear lag effects that may be generated
in the external plate having the flat plate cross-sectional structure, so the present invention efficiently increases the
effective width of the first inner reinforcing element 120 and increases the structural strength of the first inner reinforcing
element 120. Therefore, in comparison with the related art pressure vessel using the reinforcing plates having the flat
plate cross-sectional structure, the present invention can increase the interval between the reinforcing elements and
reduces the number of reinforcing elements used in the pressure vessel, thereby reducing the production cost and the
raw material cost of the pressure vessel.
[0068] Further, when the bottom wall V4 of the pressure vessel is formed using the second reinforcing plate 200 having
the flat plate cross-sectional structure, liquids may efficiently flow without stagnating in specific parts of the bottom wall
V4, so liquids unloading work can be easily performed. Further, the present invention can realize easy production, repair
and maintenance of the pressure vessel.
[0069] Further, in the present invention, desired structural continuity at the junction between the first reinforcing plate
100 and the second reinforcing plate 200 can be realized using the first inner reinforcing element 120 and the second
inner reinforcing element 130. Further, the stress that may be generated in the junction between the first inner reinforcing
element 120 and the first reinforcing plate 100b can be evenly distributed using the connection reinforcing element 250,
so the pressure vessel of the present invention can realize desired structural stability.
[0070] Further, when the lower end of the first reinforcing plate 100a that constitutes the left/right side walls V1 of the
pressure vessel is configured to form an inclined structure that corresponds to the double-bottomed structure of a ship,
the three-face connecting element 300 is installed at a corner at which the two first reinforcing plates 100a and 100b
meet the second reinforcing plate 200, so the two first reinforcing plates 100 can be naturally and efficiently connected
to the second reinforcing plate 200. Thus, the present invention is advantageous in that it can easily produce a pressure
vessel and can prevent stress from concentrating on the corner due to an inferior quality structure of the corner.
[0071] Although the preferred embodiments of the present invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that various modifications, additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the accompanying claims.

<Description of the Reference Numerals in the Drawings>

[0072]

Claims

1. A pressure vessel for storing liquids in bulk, comprising:

a plurality of first reinforcing plates (100) having a creased cross-sectional structure formed both by a groove

100: first reinforcing plate 101: groove part
102: ridge part 110: external plate
120: first inner reinforcing element

130: second inner reinforcing element
140: first outer reinforcing element
150: second outer reinforcing element
200: second reinforcing plate
210: external plate
220: first bottom reinforcing element

221: flow holes
230: second bottom reinforcing element
240: third bottom reinforcing element
250: connection reinforcing element
300: three-face connecting element
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part (101) and by a ridge part (102), the first reinforcing plates being combined with each other and forming part
of the pressure vessel for storing liquids; and
at least one second reinforcing plate (200) combined with the first reinforcing plates (100) and forming a remaining
part of the pressure vessel, the one second reinforcing plate having a flat plate cross-sectional structure.

2. The pressure vessel for storing liquids in bulk as set forth in claim 1, wherein the second reinforcing plate (200)
comprises one second reinforcing plate, the one second reinforcing plate (200) being installed so as to form a bottom
wall (V4) of the pressure vessel.

3. The pressure vessel for storing liquids in bulk as set forth in claim 2, wherein each of the first reinforcing plate (100)
comprises:

an external plate (110), in which the groove part (101) and the ridge part (102) are repeatedly arranged, thereby
forming the creased cross-sectional structure;
a plurality of first inner reinforcing elements (120) installed on the ridge part (102) such that the first inner
reinforcing elements (120) have a structure extending along the ridge part (102) on an inner surface of the
external plate (110) and protrude inward in an interior of the pressure vessel;
a plurality of second inner reinforcing elements (130) installed on the inner surface of the external plate (110)
such that the second inner reinforcing elements (130) cross the plurality of first inner reinforcing elements (120);
and
a plurality of first outer reinforcing elements (140) installed outside the external plate (110) such that the first
outer reinforcing elements form a structure extending along the second inner reinforcing elements (130).

4. The pressure vessel for storing liquids in bulk as set forth in claim 3, further comprising:

a second outer reinforcing element (150) installed outside a first reinforcing plate (100a) constituting left/right
side walls (V1) of the pressure vessel such that the second outer reinforcing element (150) forms a structure
continued to a first outer reinforcing element (140c) installed on a first reinforcing plate (100c) constituting a
ceiling wall (V3) of the pressure vessel.

5. The pressure vessel for storing liquids in bulk as set forth in claim 3, further comprising:

a face part (131) installed on an end of each of the second inner reinforcing elements (130) so as to increase
a strength of the end of the second inner reinforcing element, the face part being formed by two rows of face parts.

6. The pressure vessel for storing liquids in bulk as set forth in claim 2, wherein the second reinforcing plate (200)
comprises:

an external plate (210) having a flat plate cross-sectional structure;
a plurality of first bottom reinforcing elements (220) installed on an inner surface of the external plate (210) such
that the first bottom reinforcing elements form a structure continued to first inner reinforcing elements (120a)
installed on a first reinforcing plate (100a) constituting left/right side walls (V1) of the pressure vessel, the first
bottom reinforcing elements having a plurality of flow holes (221) for allowing liquids to flow through the first
bottom reinforcing elements;
a plurality of second bottom reinforcing elements (230) installed on the inner surface of the external plate (210)
such that the second bottom reinforcing elements cross the first bottom reinforcing elements (220) so as to form
a latticed reinforcing structure and form a structure continued to first inner reinforcing elements (120b) that are
installed on a first reinforcing plate (100b) constituting front/rear walls V2 of the pressure vessel;
a plurality of third bottom reinforcing elements (240) installed on the inner surface of the external plate (210)
such that the third bottom reinforcing elements form a structure parallel to the second bottom reinforcing elements
(230), and are connected to the groove part (101) of the first reinforcing plate (100b) constituting the front/rear
walls (V2) of the pressure vessel; and
a connection reinforcing element (250) installed on the groove part (101) of the first reinforcing plate (100b)
constituting the front/rear walls (V2) such that the connection reinforcing element connects ends of the third
bottom reinforcing elements (240) to each other, and connects two neighboring first inner reinforcing elements
(120b) to each other.

7. The pressure vessel for storing liquids in bulk as set forth in claim 6, wherein the connection reinforcing element
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(250) comprises a plate that extends along a curvature of the groove part (101) while maintaining a constant width.

8. The pressure vessel for storing liquids in bulk as set forth in claim 6, wherein the external plate (210) comprises an
inclined plate that can collect liquids by allowing the liquids to flow down to a desired place when unloading liquids.

9. The pressure vessel for storing liquids in bulk as set forth in claim 2, wherein
a lower end (100-1) of a first reinforcing plate (100a) constituting left/right side walls (V1) of the pressure vessel is
inclined inward to an interior of the pressure vessel, and
a three-face connecting element (300) is installed at a corner of the pressure vessel, at which two first reinforcing
plates (100a and 100b) and the second reinforcing plate (200) meet each other, wherein the three-face connecting
element (300) extends from the second reinforcing plate (200) to the two first reinforcing plates (100a and 100b)
while being inclined upward, so the two first reinforcing plates (100a and 100b) and the second reinforcing plate
(200) are connected to each other by the three-face connecting element.

10. The pressure vessel for storing liquids in bulk as set forth in claim 2, wherein groove parts (101’) provided on front
and rear ends of a first reinforcing plate (100a) constituting left/right side walls (V1) of the pressure vessel are
configured to form a radius of curvature different from that of other groove parts (101).
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